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Greene [3] Marsden et al. [4]





(Krein $[6|$ , Moser [7], Mackay[8] $)$
Cairns [9], MacKay &Saffman [10],
Fukumoto [11]







$\rho\frac{\partial v}{\partial t}+\rho(v\cdot\nabla)v=-\nabla p$ , (1)


















$\delta v=\xi x(\nabla\cross v)-\nabla(\xi\cdot v+\alpha)$ , (3)
$\delta\rho=-\nabla\cdot(\rho\xi)$ , (4)
$\xi$ $\alpha$
(3),(4) $(\delta v, \delta\rho)$ $(\delta v,$ $\delta\rho)$
$(\nabla\cross v)$ $\delta v$
$\rho=0$ $\delta\rho=$ 0 (3)
Arnold isovortical
variation [15] (3)$-(4)$





$\delta H=0$ $(v_{e}, \rho_{e})$ ( )
$\delta^{2}H$
(dynamics)
[17, $5|$ (1),(2) $(v_{e}, \rho_{e})$
$(\tilde{v},\tilde{\rho})$






$\partial_{t}\xi+(v\cdot\nabla)\xi-(\xi\cdot\nabla)v=\xi x(\nabla\cross v)-\nabla(\xi\cdot v+\alpha)$ , (8)
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$\xi(x(t), t)$ $\xi(x, t)$ ( )
$x,$ $t$ ) $x(t)+\xi(x(t), t)$
( ) ( 1 )
$\tilde{v}(x+\xi, t)$ (9)




$\mathcal{F}\xi=-\rho(v\cdot\nabla)[(v\cdot\nabla)\xi|-(\xi\cdot\nabla)\nabla p+\nabla[(\rho c_{\epsilon}^{2})\nabla\cdot\xi]-(\nabla\cdot\xi)\nabla p+\nabla(\xi\cdot\nabla p)$ ,
(11)
$c_{s}=\sqrt{\partial p}/\partial\rho$






$\xi$ (9) (7) $(\tilde{v},\tilde{\rho})$
$q=\xi$ $p=$ $\xi+\rho$ $(V.\nabla)\xi$
(10)
$(\begin{array}{l}qp\end{array})=(\begin{array}{ll}0 \mathcal{I}-\mathcal{I} 0\end{array})(^{\frac{1}{\frac{21}{2}}\frac{\delta(\delta^{2}H)}{\delta(\delta H)s_{f}\delta q}} \frac)$ (12)
$\mathcal{I}$ $\delta^{2}H/2$
$\delta^{2}H=/(\rho|\partial_{t}\xi|^{2}-\xi\cdot \mathcal{F}\xi)d^{3}x=$ const. (13)


























$xyz$ $x_{1}\leq x\leq x_{2}$
$v=v(x)e_{y}$ , $\rho=$ const. (18)
($e_{y}lhy$ )
$(\xi, \alpha)$ $z$
$\xi(x,y, t)$ , $\alpha(x,y, t)$ (19)
$y$














$x$ (21) (22) $z$
$\xi_{z}$ $w=v’(x)e_{z}$ $(\tilde{v},\tilde{\rho})$
$z$ $\tilde{v}_{z}=0$
$k=0$ $[x_{1}, x_{2}]$ $v^{\prime/}(x)=0$



















$\Pi\simeq$ ( $\omega_{j}$ –vo)2 $=$
$\omega_{n}^{(\pm)}\simeq kv_{0}\pm(k^{2}+\frac{n^{2}\pi^{2}}{(x_{2}-x_{1})^{2}})^{1/2}c_{s}$ , (24)
$n=0,1,2,$ $\ldots,$ $\infty$ $x$
$\omega_{n}^{(+)}$
$v(x)$ $y$



















Lin [25] Gill $[26|$
Knauer[27]




$(\xi_{x}, \xi_{y})$ ( $\xi_{y}$
































(23) $\omega$ $kv(x)$ $\omega_{j}=kv(x_{c})$
$x_{c}$ $\sigma_{c}=\{kv(x);x\in[x_{1}, x_{2}]\}$
$\omega\in\sigma_{c}$ $x=x_{c}$
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